Introduction : Superoxide Reductase as a new enzymatic system involved in superoxide detoxication
Superoxide radical (O 2 .- ) is the univalent reduction product of molecular oxygen and belongs to the group of the so-called toxic oxygen derivatives. For years the only enzymatic system known to catalyze the elimination of superoxide was the superoxide dismutase (SOD) 1 , which catalyzes dismutation of superoxide radical anions to hydrogen peroxide and Up to now, SOR has been mainly characterized from anaerobic microorganisms, sulfate-reducing bacteria 2 , archaeon 3 and in a microaerophilic bacterium. 4, 5 In vivo, SOR was shown to be an efficient antioxidant protein from the observation that a Desulfovibrio vulgaris Hildenborough mutant strain lacking the sor gene became more oxygen-sensitive during transient exposure to microaerophilic conditions. 6 In addition, although SOR is not naturally present in Escherichia coli, it was demonstrated that expression of SORs from
Desulfoarculus baarsii and Treponema pallidum in a sodA sodB E. coli mutant strain could totally replace the SOD enzymes to overcome a superoxide stress. 4, 5, 7 Two classes of SOR have been described from now. Class I SORs are small metalloproteins found in anaerobic sulfate-reducing and microaerophilic bacteria, initially called desulfoferrodoxins (Dfx). There are homodimers of 2x14kDa, which have been 3 extensively studied for their structural properties. 8, 9 The monomer is organized in two protein domains. 9 The N-terminal domain contains a mononuclear ferric iron, Center I, coordinated by four cysteines in a distorted rubredoxin-type center. In the SOR from
Treponema pallidum, three of the four N-terminal cysteine residues involved in iron chelation are lacking and then Center I is missing. 4 Class II SOR has been characterized from the anaerobic archaeon, Pyrococcus furiosus. 2, 10 The homotetrameric protein presents strong homologies to neelaredoxin (Nlr), a small protein containing a single mononuclear center, earlier characterized from sulfatereducing bacteria. The amino acid sequence and the overall protein fold is similar to that of the iron Center II domain of Class I SORs and the structure of the unique mononuclear iron center is similar to that of the iron Center II. 10 The main difference is that Class II SOR do not contains the N-terminal domain that chelates the iron Center I in Class I SORs.
SOR from D. baarsii : Class I SOR
Overexpression and purification of the enzyme SOR from Desulfoarculus baarsii has been overexpressed in Escherichia coli using a vector placing its structural gene under the control of a tac promoter. 
Assay for SOR activity
The reaction catalyzed by SOR can be described by the sum of two half reactions at its active site :
In the first half reaction (Eq. (1) an accurate measurement of a full SOR activity. As a matter of fact, the overall rate constant for the global reaction is rate limited by the electron transfer step to the oxidized form of SOR that would generally occurs 100 to 1000 time more slowly that the reduction of O 2 .-by SOR.
Then measurement of a global SOR activity will only provide kinetic informations of the reduction process of SOR by the electron donor rather than that of the reaction with superoxide.
All these remarks make difficult or almost impossible the measurement of the SOR activity in crude extracts. However, for a purified SOR preparation, it is possible to measure its ability to reduce superoxide by the following assay.
We have developed a SOR assay which allows to determine the rate constant of the first half reaction of SOR (Eq. (1)), corresponding to a stoechiometric reduction of superoxide by SOR. 2 We have used a methodology developed in the case of several dehydratases, such as aconitase and fumarase, which are known to react with O 2 -very rapidly. 11 The general principle of this SOR assay is to follow spectrophotometrically the kinetic of oxidation of SOR by superoxide, generated by the xanthine-xanthine oxidase system. This is possible at 644 nm which is a characteristic absorption band of the oxidation of the active site of SOR ( Figure 1 ). As shown in Figure 2 , the kinetics are followed for several minutes, in the absence or in the presence of different amount of SOD, which compete with SOR for superoxide.
Sufficient amount of SOD induces an inhibition of the kinetic of oxidation of SOR. As explained in detail elsewhere 2 , in these experimental conditions, the velocity of oxidation of the active site of SOR by O 2 .
-(v ox ) can be expressed as follow :
where k SOR , k SOD are the second order rate constants of the reaction of SOR and SOD with superoxide, respectively. The cte term represents the rate of synthesis of O 2 .-by the xanthine oxidase system. Under these conditions, when the initial rate of oxidation of Center II is decreased by 50% due to the competition with SOD for O 2 -, it can be written 2 :
The concentration of SOD which decreases by 50% the rate of oxidation of Center II is graphically determined from Eq. (4), as illustrated in Figure 3 . 
